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Abstract

Background: To evaluate the efficacy and safety of HLX01, a rituximab biosimilar, as combination therapy with
methotrexate in Chinese patients with active rheumatoid arthritis who had inadequate responses to methotrexate.

Methods: In this double-blind, placebo-controlled phase 3 trial, biologic-naive patients with moderate-to-severe
active rheumatoid arthritis and inadequate responses to methotrexate were randomized 2:1 to receive 1000 mg
HLX01 or placebo intravenously on days 1 and 15. On the first day of weeks 24 and 26, patients in both groups
received 1000 mg HLXO01 via intravenous infusion. The primary endpoint was the American College of Rheumatology
(ACR) 20 response rate at week 24. Secondary endpoints including efficacy, safety, immunogenicity, pharmacokinetics
and pharmacodynamics were assessed up to week 48.

Results: Between 28 May 2018 and 11 September 2020, 275 patients were randomized to the HLX01 group (n =
183) or the placebo group (n = 92). At week 24, the proportion of patients achieving ACR20 response was signifi-
cantly greater in the HLXO01 group compared with the placebo group in the intention-to-treat population (60.7% vs
35.9%; P < 0.001) and per-protocol set (60.3% vs 37.1%; P < 0.001). Most secondary efficacy endpoints favoured HLXO01
when assessed at weeks 12, 24, 36 and 48. Incidences of treatment-emergent adverse events were similar between
groups. Infusion-related reactions occurred more frequently following the initial two doses of HLXO01 than the subse-
quent doses.

Conclusions: HLXO01 plus methotrexate improved clinical outcomes compared with placebo in Chinese patients
with rheumatoid arthritis who had inadequate responses to methotrexate. This treatment regimen was well tolerated,
showing comparable safety profiles to placebo.

Trial registration: ClinicalTrials.gov, NCT03522415. Registered on 11 May 2018.
Keywords: Rheumatoid arthritis, Rituximab, Methotrexate, Phase 3, Biologic disease-modifying anti-rheumatic drug

Background

Rheumatoid arthritis (RA) is associated with persis-

tent joint pain and stiffness that greatly impacts physi-

cal function and quality of life [1]. Clinical remission
or, less desirably, low disease activity (LDA), is the

;gﬁgartcr;?nnat of Rheumatology, Peking Union Medical College Hospital, principal treatment goal in patients with RA [2]. Cur-
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patients, including conventional synthetic (cs) disease-
modifying anti-rheumatic drugs (DMARDs; e.g. meth-
otrexate [MTX] and leflunomide), targeted synthetic
DMARDs (mainly JAK inhibitors, such as tofacitinib
and baricitinib), tumour necrosis factor (TNF)-inhib-
iting biologics (e.g. adalimumab and etanercept) and
non-TNF-inhibiting biologics (e.g. abatacept and ritux-
imab) [3]. MTX is a ¢sDMARD recommended as a
first-line treatment for RA [2, 4]. However, up to 40%
of RA patients are refractory or respond insufficiently
to MTX and thus require an alternative therapeutic
strategy [5]. For these patients, biologic DMARDs in
combination with csDMARDSs are recommended by the
current guidelines [2, 4, 6].

Rituximab is a chimeric antibody directed against the
CD20 antigen on the surface of normal and malignant B
lymphocytes [7]. Based on data from international regis-
tries, systematic reviews and meta-analyses, rheumatoid
factor (RF) and/or anti-citrullinated protein antibody
(ACPA, of which the presence and levels are frequently
defined by anti-cyclic citrullinated peptide [anti-CCP]
antibody) could be useful biomarkers for choosing B-cell
depleting therapy with rituximab as a second-line treat-
ment in RA patients who have failed the first biologic
agent [8]. Rituximab is approved as a biologic DMARD
in combination with MTX by the US Food and Drug
Administration and the European Medicines Agency for
the treatment of adult RA patients who show inadequate
responses or intolerance to TNF inhibitors [7, 9]. The
combination of rituximab and MTX has shown superior
efficacy over placebo in patients refractory to TNF inhib-
itors [10-12] and in biologic-naive patients responding
poorly to MTX [13, 14]. In routine practice, rituximab
requires less frequent dosing [15] and is associated with
a lower rate of discontinuation than TNF inhibitors [16].

To date, rituximab has not been approved in China
for RA treatment. HLX01 (Shanghai Henlius Biotech,
Inc.) is a rituximab biosimilar that has demonstrated
bioequivalence to reference rituximab in physical and
biochemical properties [17], in pharmacokinetics (PK),
pharmacodynamics (PD), safety and preliminary efficacy
in RA patients in a phase 1/2 trial [18], and in efficacy
and safety in patients with diffuse large B-cell lymphoma
(DLBCL) in a phase 3 trial [19]. HLX01 has been
approved in China as the first biosimilar for the same
indications as the rituximab originator in non-Hodg-
kin’s lymphoma and chronic lymphocytic leukaemia [20,
21]. Approval of HLXO01 in China for treating RA would
expand therapeutic options for Chinese patients. There-
fore, we conducted this phase 3 trial of HLXO01 vs placebo
in addition to background MTX to evaluate its efficacy
and safety in Chinese patients with moderate-to-severe
active RA responding poorly to prior MTX therapy.
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Methods

Trial design and treatment

This study was a randomized, double-blind, placebo-
controlled phase 3 trial, conducted from 28 May 2018
to 11 September 2020 at 40 centres in China (Additional
file 1, Table S1). The study consisted of two parts: a pla-
cebo-controlled part (day 1 to week 24) and an extension
part (weeks 24 to 48) (Fig. 1a). In the placebo-controlled
part, patients were randomly assigned (2:1) to receive
either 1000 mg HLXO01 or placebo via intravenous infu-
sion on day 1 (first day of week 0) and day 15 (first day
of week 2). During the extension part, 1000 mg HLX01
was administered on day 169 (first day of week 24) and
day 183 (first day of week 26) to patients who initially
received HLXO01 or placebo. A stable dose of MTX
(10-25 mg/week) was administered to all patients dur-
ing the study (prespecified pre-medications, concomi-
tant medications and rescue treatments are provided
in Additional file 1, Data S1). Patients were randomized
to groups by the investigators using an interactive web
response system, with a randomization table generated
by the statisticians. The investigators, patients and other
study-related personnel remained blinded to the treat-
ment allocation up to week 48.

This study was conducted in accordance with the
principles of the Declaration of Helsinki, International
Conference on Harmonisation Good Clinical Practice
guidelines, and local applicable regulatory requirements
[22-24]. The study protocol and informed consent were
approved by the independent ethics committee at each
participating site. All participants provided written
informed consent. The trial was registered with Clini
calTrials.gov (NCT03522415).

Patients

Eligible patients were aged 18-75 years, had an RA diag-
nosis for >6 months according to the American Rheu-
matism Association 1987 revised criteria [25] and had
moderate-to-severe active disease (disease activity score
of 28 joints [DAS28]-C-reactive protein [CRP] >3.2, >6
swollen joints based on a 66-joint count, and >6 tender
joints based on a 68-joint count). Patients had to be on
MTX (10-25 mg/week) treatment for >12 weeks and
at a stable dose for >4 weeks, before treatment initia-
tion (day 1). Patients who received other DM ARDs, oral
glucocorticoids, non-steroidal anti-inflammatory drugs
(NSAIDs) or non-NSAID analgesics were eligible if the
treatment met predefined conditions. Key exclusion cri-
teria included prior treatment with biologic DMARDs;
evidence or a history of tuberculosis; evidence or a his-
tory of inflammatory joint diseases other than RA or
systemic autoimmune diseases; a history of malignancy
(solid tumours, haematological malignancies, carcinoma
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Fig. 1 Study design and patient flow chart. a Study design. b Patient flow chart. ITT intention-to-treat, MTX methotrexate, PKS pharmacokinetic set,
PPS per-protocol set, R randomized, SS1 safety set 1, SS2 safety set 2
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in situ); and any active infections or a history of chronic,
opportunistic or serious infections (see Additional file 1,
Data S2 for detailed eligibility criteria).

Study endpoints and assessments

The primary endpoint was the proportion of patients
achieving an American College of Rheumatology (ACR)
20 response [26] at week 24. Secondary efficacy end-
points included the proportions of patients who achieved
an ACR20/50/70 response assessed at weeks 12, 24, 36
and 48; change in disease activity assessed by DAS28-
CRP and DAS28-erythrocyte sedimentation rate (ESR);
the proportion of patients achieving clinical remission
(defined as DAS28 <2.6) or LDA (DAS28 <3.2); improve-
ment in arthritis pain, assessed by Patient’s Assessment of
Arthritis Pain-Visual Analogue Scale (PtAAP-VAS); and
improvement in physical function, assessed by Health
Assessment Questionnaire-Disability Index (HAQ-DI).

Safety and tolerability were evaluated up to week 48.
Clinical laboratory tests and physical assessments were
performed, and vital signs were recorded at every visit.
Treatment-emergent adverse events (TEAEs) were coded
with the Medical Dictionary for Regulatory Activities
(MedDRA) v23.0 and graded according to Common Ter-
minology Criteria for Adverse Events v4.03. Predefined
adverse events of special interest (AESIs) are listed in
Additional file 1, Data S3.

Exploratory endpoints included change in physical and
mental health summary scores (Short Form 36 Health
Survey [SF-36] physical component summary [PCS] and
mental component summary [MCS]), PK, immunogenic-
ity and PD. Sampling time points for PK, immunogenic-
ity and PD assessments are provided in Additional file 1,
Data S4. Serum drug concentrations were measured by a
validated enzyme-linked immunosorbent assay. Immuno-
genicity was assessed by antidrug antibodies (ADAs) and
neutralizing antibodies (NAbs) against HLX01, measured
using a Meso Scale Discovery electrochemiluminescent
immunoassay. ADA or NAb positivity was defined as >1
positive result post-baseline. PD parameters included RF,
CRP, ESR and anti-CCP antibodies. Based on laboratory
tests, RF status was classified as positive (>14 [U/ml) or
negative, and anti-CCP status was classified as positive
(>10 U/ml), negative (<7 U/ml) or unsure.

PK and immunogenicity parameters were analysed at
a central laboratory (WuXi AppTec Co., Ltd., Shanghai,
China). PD parameters were analysed at another central
laboratory (Q2 Solutions Co., Ltd., Beijing, China) except
for ESR, which was analysed at individual study centres.

Statistical analysis
A sample size of 267 patients (randomized 2:1, i.e. 178
in the HLXO01 group and 89 in the placebo group) was
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estimated to provide 80% power at a two-sided alpha
level of 0.05 for the comparison of the ACR20 response
rate between the two groups at week 24, assuming
response rates of 50% in the HLXO01 group and 30% in the
placebo group, with a 20% dropout rate.

Primary endpoint and subgroup analyses stratified
by RF and ADA status, secondary efficacy endpoints,
PCS, MCS and PD were analysed on the intention-to-
treat (ITT) population, which included all randomized
patients. Sensitivity analyses on the efficacy endpoints
were performed on the per-protocol set (PPS), which
comprised all patients in the ITT population who
received >1 dose of study medication and had no major
protocol violations. The safety set 1 (SS1) and the safety
set 2 (SS2) included all patients who received >1 dose
of study medication in the placebo-controlled part (up
to week 24) and in the extension part (weeks 24 to 48),
respectively. PK analysis was based on the pharmacoki-
netic set (PKS), comprising all randomized patients who
received >1 dose of HLXO01 and provided >1 PK sample
analysed as planned, without major protocol deviations
that might impact PK assessment. Immunogenicity was
analysed for patients within the SS1 who had >1 ADA or
NADb assessment after receiving study medication.

If a patient received rescue treatment, all efficacy data
collected from this patient thereafter were considered
as missing data in statistical analyses. Comparisons of
categorical efficacy measures between groups were per-
formed using logistic regression, where missing data
were handled using nonresponse imputation. Compari-
sons of continuous efficacy measures were conducted
using analysis of covariance (ANCOVA) with adjust-
ment for baseline assessments, in which the last-obser-
vation-carried-forward method was used to impute
missing data. Data for other endpoints were summarized
by descriptive statistics. All statistical analyses were per-
formed using SAS® software, v9.3 (SAS Institute Inc.,
Cary, NC, USA).

Results

Patients

Of the 446 patients screened, 275 were randomly
assigned to the HLXO01 group (n = 183) or the placebo
group (n = 92) and comprised the ITT population. The
most common reason for screen failure was not meet-
ing eligibility criteria (n = 149). The PPS included 263
patients (HLXO01, n = 174; placebo, n = 89). Reasons
for exclusion from the PPS were major protocol viola-
tions (1 = 11) and not receiving study medication (n =
1). One patient not receiving treatment on days 1 and 15
was excluded from the SS1 (HLXO01, n = 182; placebo, #
= 92), and patients not treated at weeks 24 and 26 were
excluded from the SS2 (HLXO01, n = 161; placebo, n =
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81). The PKS included 263 patients (HLXO01, n = 182;
placebo, n = 81), and the reason for exclusion was not
receiving HLXO01 treatment.

In the ITT population, 274 (99.6%) patients completed
treatment on day 1 (HLXO01, n = 182; placebo, n = 92)
and 265 (96.4%) patients completed treatment on day 15
(HLXO01, n = 175; placebo, n=90). Two hundred forty-
two (88.0%) patients completed treatment on week 24,
with 161 from the HLXO01 group and 81 from the pla-
cebo group. One hundred fifty-eight and 75 patients
(233 in total [84.7%]) from the HLXO01 group and the
placebo group, respectively, completed treatment on
week 26, and 156 and 75 patients completed the study
on week 48 (Fig. 1b).

Baseline characteristics were well balanced between
the HLXO01 and placebo groups (Table 1). Most patients
were female (84.7%) and RF positive (92.0%), with a mean
DAS28-CRP of 5.5. The mean duration of disease was
88.4 vs 75.5 months in the HLX01 and placebo groups,
respectively.

Efficacy

A significantly greater proportion of patients achieved
ACR20 response in the HLX01 group compared with
the placebo group in the ITT population at week 24
(60.7% vs 35.9%), with an odds ratio (OR) of 2.8 (95%
confidence interval [CI] 1.6, 4.6) and a P value of <0.001

Table 1 Demographics and clinical characteristics at baseline

HLX01 Placebo

(n=183) (n=92)
Age, years, mean (SD) 49.1 (11.8) 479 (11.0)
Female, n (%) 153 (83.6) 80 (87.0)
Chinese, n (%) 183 (100) 92 (100)
BMI, kg/m?, mean (SD) 227(3.0) 22232
Duration of disease, months, mean (SD) 884 (87.7) 75.5(91.5)
RF positive, n (%) 167 (91.3) 86 (93.5)
Anti-CCP antibody positive, n (%) 175(95.6) 81(88.0)
Anti-CCP antibody negative, n (%) 7 (3.8) 9(9.8)
SJC, mean (SD) 11.8(5.9) 114 (7.3)
TJC, mean (SD) 209(13.7) 19.5(12.7)
CRP. mg/I, mean (SD) 16.9 (21.0) 22.2(27.6)
ESR, mm/h, mean (SD) 39.2 (24.6) 434 (28.1)
DAS28-CRP. mean (SD) 5.5(0.9) 54(1.0)
DAS28-ESR, mean (SD) 6.1(1.1) 6.1(1.1)
HAQ-DI score, mean (SD) 14(0.7) 1.5(0.7)
PtAAP-VAS score, mean (SD) 60.5(21.3) 582 (21.5)

Anti-CCP anti-cyclic citrullinated peptide, BMI body mass index, CRP C-reactive
protein, DAS28 disease activity score of 28 joints, ESR erythrocyte sedimentation
rate, HAQ-DI Health Assessment Questionnaire-Disability Index, PtAAP-VAS
Patient’s Assessment of Arthritis Pain-Visual Analogue Scale, RF rheumatoid
factor, SD standard deviation, SJC swollen joint count, TJC tender joint count
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(Fig. 2a). The ACR20 response rate was also significantly
greater in the HLXO01 group than in the placebo group
in the PPS (60.3% vs 37.1%; OR 2.6 [95% CI 1.5, 4.4]; P <
0.001). Subgroup analyses by RF and ADA status showed
a greater ACR20 response rate in the HLXO01 group com-
pared with the placebo group among RF-positive patients
and among ADA-negative patients, whereas between-
group differences were inconclusive in RF-negative and
in ADA-positive patients due to the small sample size
(Additional file 1, Table S2).

A greater ACR20 response rate in the HLX01 group
compared with the placebo group was observed in the
ITT population at week 12 (48.1% vs 32.6%; OR 1.9
[95% CI 1.1, 3.2]; Fig. 2b). After week 24, the ACR20
response rate was at similar or higher levels than that at
week 24 in patients who continued HLXO01 treatment. In
patients who switched to HLXO01 from placebo at week
24, the response rate progressively increased. The ACR50
response rate was greater in the HLX01 group compared
with the placebo group at week 12 (21.9% vs 10.9%; OR
2.3 [95% CI 1.1, 4.8]) and week 24 (36.6% vs 18.5%; OR
2.5 [95% CI 1.4, 4.7]), which increased further after week
24 in both groups. ACR70 was similar between the two
groups at weeks 12 and 24 and increased after week 24 in
both groups (Fig. 2c, d).

Patients treated with HLX01 showed greater reduc-
tions in DAS28-CRP (adjusted mean change: —2.0 vs
—1.1) and DAS28-ESR (adjusted mean change: —2.2
vs —1.1) compared with placebo in the ITT popula-
tion at week 24 (Fig. 3a, b). After week 24, these dis-
ease activity measures continued to decrease in both
groups during HLXO01 treatment. Greater proportions
of patients in the HLX01 group than the placebo group
achieved remission (DAS28 < 2.6: 18.6% vs 5.4%; OR
4.0 [95% CI 1.5, 10.5]) or LDA (DAS28 <3.2, 29.5% vs
10.9%; OR 3.4 [95% CI 1.7, 7.1]) at week 24 (Fig. 3c),
and both proportions in each group increased further
up to week 48 (Additional file 1, Fig. S1).

Arthritis pain (PtAAP-VAS), physical function (HAQ-
DI) and physical and mental health (SF-36 PCS and MCS)
improved to a greater extent in the HLX01 group than in
the placebo group in the ITT population up to week 24,
and all showed a continuous improvement thereafter in
the two groups (Additional file 1, Fig. S2).

Analyses of efficacy endpoints in the PPS showed simi-
lar results to those in the ITT population.

Pharmacokinetics

In patients who received HLX01 before week 24 and
continued HLXO01 treatment after week 24, post-dose
HLXO01 serum concentration increased by 27% on day
15 vs day 1 and by 23% on day 183 vs day 169, indicat-
ing an accumulation of HLXO01 in serum. HLX01 was
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detectable in the serum at week 12 (day 85) and week
36 (day 253), at a concentration <5% of that immedi-
ately post-dose on days 15 and 183. After week 24, the
dynamics of serum HLXO1 in patients who switched to
HLXO01 from placebo were similar to those who contin-
ued HLXO01 treatment. Serum drug concentrations and
trends were similar between the two treatment courses

(Additional file 1, Fig. S3).

Immunogenicity

In general, the percentage of patients with >1 posi-
tive post-baseline ADA result was very low. ADAs were
detected in 11 (6.0%) and 3 (3.3%) patients in the HLX01
group and the placebo group before week 24, respec-
tively, and in 7 (3.8%) and 8 (8.8%) patients who contin-
ued HLXO01 or switched to HLXO01 after week 24. Only
one patient who switched to HLXO01 tested positive for
NAb (i.e. during weeks 24—48 [day 182]). In ADA-posi-
tive patients vs ADA-negative patients, the peak drug
concentrations were similar, while the trough drug con-
centration and drug concentration at weeks 12 and 36

were lower in ADA-positive patients (Additional file 1,
Fig. S4).

Pharmacodynamics

Among patients seropositive for RF at baseline, 3 (1.7%)
and 1 (1.1%) in the HLXO01 and placebo groups, respec-
tively, tested negative for RF at all post-baseline assess-
ments before week 24; 16 (8.9%) and 2 (2.2%) in the two
treatment groups tested negative for RF during weeks
24-48. At week 24, 8 (4.9%) patients in the HLXO01
group and 4 (5.1%) in the placebo group who were sero-
positive for anti-CCP antibodies at baseline became
non-positive (i.e. negative and unsure). CRP and ESR
were reduced more substantially in the HLXO01 group
than in the placebo group before week 24, and both
were reduced further after week 24 in the two groups
(Additional file 1, Fig. S5).

Safety
Up to week 24, 151 (83.0%) patients in the HLX01 group
and 74 (80.4%) in the placebo group reported >1 TEAE
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(Table 2). Most TEAEs in both groups were grade 1/2
in severity. The rates of serious TEAEs were similar
between groups (6.6% vs 7.6%). TEAEs leading to treat-
ment discontinuation (7.1% vs 4.3%) and AESIs (5.5% vs
2.2%) were more frequent in the HLXO01 group than in
the placebo group (Table 2; Additional file 1, Table S3).
Infusion-related reactions (IRRs) occurred at a greater
frequency in the HLXO01 group than in the placebo group
(12.1% vs 2.2%), but only one event (in the HLX01 group)
was grade >3. The incidence of serious infections was
comparable in the two groups (2.2% vs 2.2%). Among the
AESIs, the most common events were immediate hyper-
sensitivity reactions (1.6% vs 0) and infective pneumonia
(1.1% vs 0); there was one (0.5%) diagnosis of pulmo-
nary sclerosing pneumocytoma, a benign tumour, in the
HLXO01 group.

From week 24 to week 48, the incidences, types and
severities of TEAEs in the two groups were broadly con-
sistent with those reported in the HLX01 group before
week 24 (Table 2). Notably, fewer patients experienced
IRRs following the second course of HLXO01 (first vs sec-
ond course, 12.1% vs 5.0%), and none of these was grade

>3. Four patients discontinued treatment because of
TEAEs, including one (0.6%) who continued HLX01 and
three (3.7%) who switched to HLXO01. Serious infections
occurred in one (0.6%) and two (2.5%) patients in these
respective groups. Among the AESIs, infective pneumo-
nia occurred in one (0.6%) patient who continued HLX01
and in one (1.2%; fungal pneumonia) who switched to
HLXO01; there were one (0.6%) case of active tuberculosis
and one (0.6%) case of latent tuberculosis in patients who
continued HLXO01 and two (2.5%) cases of active tubercu-
losis among patients who switched to HLX01 (Additional
file 1, Table S3). There were no deaths in either group
throughout the study.

Discussion

This is the first phase 3 trial of HLX01 as an add-on
to MTX in patients with moderate-to-severe RA. We
found that two infusions of HLX01 conferred a superior
response compared with placebo in terms of ACR20
and other standard disease activity measures at week
24. This response was sustained by a second course of
HLXO01 treatment, following which improvements in
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Table 2 Treatment-emergent adverse events
Placebo-controlled part Extension part
Up to week 24 (SS1) Week 24 to week 48 (SS52)
HLX01 Placebo Continue HLX01 Switch to
(n=182) (n=92) (n=161) HLX01 from
placebo
(n = 81)
Any TEAEs 151 (83.0) 74 (80.4) 129 (80.1) 68 (84.0)
Grade 1 or2 132 (72.5) 66 (71.7) 115 (71.4) 59 (72.8)
Grade 3 17(9.3) 8(8.7) 12(7.5) 9(11.1)
Grade 4 211 0 2(1.2) 0
Serious TEAEs 12 (6.6) 7(76) 9 (5.6) 4(49)
TEAEs leading to treatment discontinuation 13(7.1) 4(43) 1(0.6) 3(3.7)
ADRs 100 (54.9) 47 (51.1) 86 (53.4) 47 (58.0)
IRRs 22(12.1) 2(22) 8(5.0) 6(7.4)
Infections and infestations 52 (28.6) 24 (26.1) 35(21.7) 11(13.6)
AESIs 10 (5.5) 2(22) 7(4.3) 5(6.2)
IRRs (grade >3) 1(0.5) 0 0 0
Infections (grade >3) 4(2.2) 2(2.2) 1(0.6) 2(2.5)
Most common TEAEs?
Upper respiratory tract infection 33(18.1) 17 (18.5) 21(13.0) 10(12.3)
Urinary tract infection 20(11.0) 8(8.7) 16 (9.9) 2(25)
Anaemia 13(7.1) 8(8.7) 6(3.7) 6(74)
Hypertriglyceridemia 12 (6.6) 6 (6.5) 13(8.1) 11(13.6)
Liver dysfunction 12 (6.6) 6 (6.5) 13(8.1) 3(3.7)
Leukopenia 10 (5.5) 0 14 (8.7) 6(7.4)
Hypokalaemia 10 (5.5) 5(54) 8 (5.0) 8(9.9)
Lymphocyte count decreased 14(7.7) 2(2.2) 14 (8.7) 5(6.2)

Data are presented as number (%) of patients

ADR adverse drug reaction, AES/ adverse event of special interest, IRR infusion-related reaction, SS7 safety set 1, SS2 safety set 2, TEAE treatment-emergent adverse

event

2 Occurring in >8% of patients in either group

disease activity persisted over 48 weeks. The incidences
of TEAEs associated with HLX01 were comparable to
placebo. This study provides evidence in support of the
use of HLXO01 as an add-on to MTX in biologic-naive
Chinese patients with moderate-to-severe active RA
despite MTX treatment.

This study was not designed as a bioequivalence
study, because of the lack of an approved anti-CD20
treatment for RA in China and the limited evidence
available for rituximab in Chinese patients with RA.
The similarity between HLXO01 and reference rituximab
has been established in preclinical investigations and in
studies in RA and other indications [17-19]. The cur-
rent trial provides further evidence that the clinical
benefit of HLXO1 is at least comparable to the origina-
tor rituximab. Although a direct comparison of HLX01
and TNF inhibitors was not included in this study, the
ACR20 response rate at week 24 in patients treated
with HLX01 was comparable to those treated with TNF

inhibitors (ranging from 47.8 to 75.7%) in previously
reported clinical studies [27, 28].

Both ACR20 and ACR50 favoured HLXO01 at weeks 12
and 24, whereas ACR70 did not show significant differ-
ences between the HLXO01 and placebo groups at these
two time points. ACR70 is a less sensitive response cri-
terion and thus may sometimes exclude clinically mean-
ingful improvements in RA status [29]. In addition to the
superior efficacy of HLXO01 over placebo at week 24, we
also showed that the clinical benefits became evident as
early as week 12 and that after a second course of HLX01
treatment starting at week 24, improvements in disease
activity were maintained or enhanced at weeks 36 and 48.
This supports a dosing interval of every 24 weeks with
HLXO01, similar to that of rituximab.

Potential safety concerns associated with rituximab
in the treatment of RA include IRRs, serious infec-
tions, malignancy and hypogammaglobulinemia [30].
The pattern and severity of IRRs associated with HLX01
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administration were similar to those observed with ritux-
imab [14] and were less frequent following the second
course of treatment. All but one IRR in our study were
grade 1/2, similar to the experience for patients with
DLBCL in a previous phase 3 bioequivalence study (all
grade 1/2) [19]. Serious infections occurred in <5% of
patients in the HLXO01 and placebo groups. Notably, there
is a high risk of background infection among RA patients
due to immune dysfunction and the use of immunosup-
pressant medications [31]. RA patients may be suscep-
tible to tuberculosis infection in China due to the high
incidence of tuberculosis [32]. In our study, one (0.4%)
patient reported latent tuberculosis, and three (1.2%)
reported active tuberculosis when treated with HLX01
in the extension treatment period. Rituximab is associ-
ated with a lower risk of tuberculosis than TNF inhibi-
tors in RA patients (12 cases/100,000 patient-years vs 65
cases/100,000 patient-years, respectively) [33]. Whether
HLXO01 has a safety advantage over TNF inhibitors in
terms of the likelihood of tuberculosis needs confirma-
tion with long-term monitoring, as tuberculosis could be
an important treatment consideration, especially in areas
with high incidences. In this study, there were no cases
of new malignancy or hypogammaglobulinemia-related
TEAEs. The safety profile of HLXO01 in patients with RA
appears acceptable and typical of that associated with
CD20 inhibition.

Although more evidences are needed for the best
application of precision medicine principles, ACPA (or
anti-CCP antibody) and RF are currently the key bio-
markers in the management of RA. In our study, 92.0%
and 93.1% of all randomized patients were seropositive
for RF and anti-CCP antibodies at baseline, respectively.
The proportion of patients turning seronegative for RF
after treatment was slightly higher in the HLX01 group
(HLXO01 vs placebo: 1.7% vs 1.1% before week 24, 8.9%
vs 2.2% after week 24), while for anti-CCP antibody the
proportion of patients turning non-positive was simi-
lar between the two groups (HLXO01 vs placebo, 4.9% vs
5.1%). This might be an indication of lower disease activ-
ity and better prognosis resulted from the addition of
HLXO01 to MTX in RA treatment, but the proportions
were rather small to reach a conclusion.

This study has several limitations. Only Chinese
patients were included, and thus, future studies with
other ethnicities are recommended. Only 22 patients
were RF negative, limiting the power of the subgroup
analysis by RFE. Also, a subgroup analysis of efficacy by
anti-CCP antibody status, which has been shown to
influence the clinical outcome of rituximab [14, 34], was
not performed. However, the proportions of RA patients
seronegative for RF and anti-CCP are low, probably due
to the nature of the disease, and thus, expanding the

Page 9 of 11

sample size in future studies might be the best choice to
provide enough number of patients for efficacy analysis
stratified by RF and anti-CCP antibody status. Addition-
ally, for the development of precision medicine in RA
treatment, future studies could be designed to include
efficacy analysis by novel biomarkers for disease activity
and prognosis apart from RF and anti-CCP antibody.

Conclusions

In conclusion, HLX01, given in two treatment courses,
provides sustainable disease activity improvements over
48 weeks and has an acceptable safety profile in biologic-
naive patients who have moderate-to-severe active RA
despite MTX treatment. This supports the use of HLX01
in Chinese patients with moderate-to-severe active RA
after failure of MTX.
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